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Abstract 
Real-time detection of protein binding has been achieved using an impedimetric technique. The fabricated chips 
boasting interdigitated gold microelectrodes were docked into a microfluidic cell with a sample injection system to 
guarantee good performance, repeatability and flow injection analysis. Electrochemical impedance spectroscopy 
(EIS) was carried out to characterize the surface and its response to protein binding using label-free direct capture 
assays [1]. Real-time measurements of the binding process were performed to monitor the association and 
dissociation phases of the target-analyte pair. 
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1. Biosensor fabrication 
Interdigitated gold microelectrodes [2] with different gap sizes (2-10μm) and geometries (planar and 
circular) were fabricated by standard photolithography (see Fig. 1). A high quality gold surface (thickness 
100nm) was deposited over the masked silicon oxide wafer by e-beam sputtering. A 2nm thick titanium 
layer was also deposited under the gold to achieve a good adhesion and guarantee the durability and 
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reusability of the chips. This process is low-cost and has large throughput, which is of great importance if 
it is to be used for a real portable device or application. 
 
      
 
 
 
 
 
 
 
 
 
 
 
 (a)                   (b) 
Fig. 1. (a) fabricated array of interdigitated gold microelectrodes with different gap sizes and geometries; (b) detail of the two 
intedigitated electrode combs 
2. Surface functionalization 
The gold surface was first cleaned in piranha solution for one minute and then electrochemically 
polished in a H2SO4 solution, by applying several consecutive cyclic voltametries (between 300mV and 
1300mV vs. Ag/AgCl), until repetitive cycles were obtained. A proper preparation of the surface was 
found to be essential to obtain the desired repeatability of the assays. 
 
Biofunctionalization was achieved using standard amine coupling of proteins. A self-assembled 
monolayer of mercapto-undecanoid acid was formed and the available carboxyl groups were activated 
with EDC/NHS (ethyl(dimethylaminopropyl) carbodiimide and N-hydroxysuccinimide). Pre-
concentration and immobilization of the probe antibodies over the surface was carried out in an acidic 
acetate buffer. After ethanolamine blocking the chip was ready to be used. Surface regeneration with HCl 
0.1M was also done after each analyte capture, and intensive reuse of the chips without signal degradation 
was confirmed. Several proteins such as BSA, mouse IgG or the inflammation biomarker TNF-alpha 
were captured and detected with their corresponding antibodies. Suitability of the protocols was pre-
tested using a surface plasmon resonance biosensor.   
3. Protein detection 
A wide frequency sweep was applied from 10kHz to 100mHz, at a 50mV voltage, which helped to 
fully characterize the chip surface. The comparison between EIS results before and after protein binding 
leads to the direct determination of the analyte presence in the solution. A general increase of the 
impedance value was observed for the whole frequency range, but a proper data analysis allowed optimal 
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choice of frequencies for the real-time measurements (see Fig. 2b), which was found to be near 75Hz. 
This frequency value is also very suitable for real time measurements, for being high enough to measure a 
large amount of points per minute. Electromagnetic interferences have been observed between 1 and 
10Hz, but the chosen measuring point is far enough from its influence. 
 
 
 
 
 
 
 
 
 
 
 
(a)       (b) 
Fig. 2. (a) EIS results represented in Bode diagrams show a noticeable change in the impedance (both modulus and phase) before 
(white dots) and after (black dots) protein binding; (b) subtraction of both signals in Fig. 2a shows that the most remarkable 
impedance changes occur between 10 and 100Hz (75Hz was chosen for real-time measurements) 
 
Real-time measurements were carried out in order to monitor impedance changes on the chip surface. 
A 50mV voltage was applied at 75Hz, which is the value that offered the largest sensibility (Fig. 2b). Fig. 
3 shows two mouse immunoglobulin G sample injections at 1ug/ml and one control injection (null 
concentration) over a rabbit anti-mouse antibody functionalized surface. It must be noticed that the 
sensing is direct, with no labels such as redox mediators. A flow cell (Fig.3 ) in combination with a 
sample injection system was used for the whole process, which offered the optimal conditions in terms of 
sensitivity and repeatability[3]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  An in-house designed and built flow-cell was used for the measurements 
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The electrolyte used for the continuous flow sample dilutions was phosphate buffer saline buffer and 
the flow rate was maintained at all times at 200μl/min. After injecting for two minutes the analyte was 
left to dissociate until regeneration was performed. This technique not only allows for the real-time 
detection of specific analytes, but offers the possibility of studying protein binding kinetics. Starting from 
different known protein concentrations we are able to build a calibration curve which permits the 
determination of an unknown concentration of the analyte in solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  real-time impedance change due to protein binding obtained with flow injection analysis. The three datasets shown (two at 
1ug/ml and one at null concentration for control) with the same chip after surface regeneration are shown. The association and 
dissociation phases are well defined and the binding signal clearly stands out from the noise and control 
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